The volatiles present in the aerial parts of Salvia nemorosa L. (Lamiaceae), grave sage, were analysed by GC/MS and GC in plants growing at different sites in the outskirts of Vienna, Austria. The flower oils contained mainly sabinene (37-44%), germacrene D (9-14%), β-caryophyllene (8-12%) and caryophyllene oxide (2.6-4.4%). Leaf samples had β-caryophyllene (14-41%), germacrene D (14-38%) and caryophyllene oxide (5-20%) as main compounds, while stem oils were characterized by an high hexadecanoic acid percentage besides germacrene D and β-caryophyllene.
The oil content of all plant parts was below 0.05%, but they had distinct oil patterns, as shown in Table 2 . The oil from the flowers was dominated by sabinene (37-44%), followed by germacrene D (9-14%), β-caryophyllene (8-12%) and caryophyllene oxide (2.6-4.4%). α-Thujene (5-8%) and γ-terpinene (2-8%) were further prominent monterpenes, while β-pinene, α-terpinene, limonene and p-cymene were minor compounds (0.8-3.4% each). The leaf oils were rich in the sesquiterpenes β-caryophyllene (14-41%), germacrene D (14-38%) and caryophyllene oxide (5-20%). Leaf oils contained also some sabinene (up to 6.6%), other monoterpenes less than 1% each and further sesquiterpenes less than 2% each, including farnesene, α-humulene, γ-muurolene and δ-cadinene. Hexadecanoic acid (56-60%) was the main compound in the stem volatile fractions. The already mentioned sesquiterpenes βcaryophyllene and germacrene D were also major compounds in the stems. The monoterpenes sabinene and γ-terpinene were present in three out of the four stem oil samples. However, based on the composition of the oil samples, one cannot differentiate between plants of the different collecting sites.
The plants of all five locations represent the same chemotype and had similarities with plants from Serbia with caryophyllene oxide (13.4%), β-caryophyllene (10.1%) and germacrene D (5.7%) as main components. These plants had also sabinene (4.7%) and terpinen-4-ol (3.7%) as prominent monoterpenes in the oil [2a] . However, other S. nemorosa plants from the same country were characterized by an essential oil dominated by caryophyllene oxide (23.1%), followed by spathulenol (11.2%), and with appreciable proportions of γ-terpinene (8.6%), E-anethol (7.8%) and humulene epoxide II (5.2%), but devoid of sabinene [2b] . A further type of S. nemorosa essential oil was reported from Iran with β-caryophyllene (41.6%) and germacrene B (21.3%) as main compounds, and further sesquiterpenes such as caryophyllene oxide, spathulenol, cis-βfarnesene and germacrene D (each 5-7%) [2c] .
Experimental
Plant material: The plants were collected during July and August 2008 at five locations in the northern and eastern part of Vienna, Austria (Table 1) . Most plants were fully flowering. In each case, at least 15 plants were taken together and separated into leaf, stem and flower samples. The plant material was dried in a room in ambient air. The "Exkursionsflora für Österreich, Liechtenstein und Südtirol" [1b] was used to identify the plants. Voucher specimens were deposited in the Herbarium of the University of Vienna (WU-Generale, http:\\herbarium.univie.ac.at).
Hydrodistillation:
Leaf and stem samples were subjected to hydrodistillation in a Clevenger-type apparatus for 3 h using about 15 g of the plant parts and 200 mL of double distilled water. One mL nhexane was added to the distillation apparatus to collect the oil.
Microdistillation:
The distillation of the flower samples was carried out using the automatic microdistillation unit MicroDistiller from Eppendorf (Hamburg, Germany), which allows the simultaneous distillation of 6 samples. About 0.2 to 0.3 g of finely crushed dried plant material and 10 mL distilled water were filled into the sample vial. The collecting vial containing 1 mL water, 0.5 g NaCl and 300 μL n-hexane was connected with a capillary to the sample vial. The heating program applied to the sample vial was 15 min at 108°C and then 45 min at 112°C. The collecting vial was kept at -2°C, where the volatiles were trapped in 0.3 mL n-hexane. All essential oils were stored at -18°C until GC and GC/MS analysis.
Gas chromatography:
The distilled oils and microdistillates were analyzed with an Agilent Technologies 6890 N GC equipped with a FID. The separation was conducted on a DB-5 narrow bore column 10 m x 0.10 mm i.d. with 0.17 μm film thickness. The analytical conditions were: carrier gas He, initial flow 0.5 mL/min (42 cm/sec), constant pressure 45.78 psi; injector temperature 250°C, split ratio 40:1, temperature program: 1 min at 60°C, with 8°C/min up to 85°C, then with 12°C/min to 280°C and held for 5 min at 280°C. The injector temperature was set at 250°C, and the injection volume was 1 μL. The FID was operated at 260°C with an air flow of 350 mL/min and a hydrogen flow of 35 mL/min. The percentage compositions of the essential oil constituents were calculated from the FID response, without any correction.
Gas chromatography/mass spectrometry:
To identify the volatile components, the samples were also analysed by GC/MS using a HP 6890 GC coupled to a HP 5972 quadrupole mass selective detector.
Separation was accomplished with a HP5-MS fused silica column (30 m x 0.25 mm i.d., film thickness 0.25 μm). The analytical conditions were: carrier gas He 1.3 mL/min constant flow; injector temperature 250°C, split ratio 40:1, temperature program: 2 min at 40°C, with 3°C/min up to 180°C, then with 4°C/min to 280°C and held for 4 min at 280°C. The injection volume was 1 μL. The transfer line to the MS was set at 280°C. The total ion current (m/z 40 to 350) was recorded and the individual compounds were identified according to their MS and their retention indices [3] .
